Introduction
Transplant options for patients with end stage renal disease (ESRD) due to type 1 diabetes mellitus (T1DM) include deceased donor kidney (DDK), living donor kidney (LDK) and simultaneous pancreas and kidney transplantation (SPK). Among all the options, SPK is an established treatment for T1DM due to its associated high graft survival rate and high patient overall survival rate compared Abbreviations: ATG, anti-thymocyte globulin; CMV, cyto megalo virus; DVT, deep vein thrombosis; SMV, superior mesenteric vein; SMA, superior mesenteric artery; T1DM, type 1 diabetes mellitus; DDK, deceased donor kidney; LDKT, living donor kidney transplantation; GFR, glomerular filtration rate; ESRD, end stage renal disease; SPK, simultaneous pancreas and kidney transplantation; PVGT, pancreas venous graft thrombosis; MRI, magnetic resonance imaging.
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to DDK and LDK [1] . Specifically, the current 1 year graft survival rate for SPK is 85% [2] . In addition, SPK improves patients' quality of life via better glycemic control without requiring insulin, which is especially important in patients with hypoglycemic unawareness and hyperlabile diabetes. More recently successful SPK procedure have been reported for even morbid obese patients and living donors using minimal invasive technique [3, 4] . The main advantage of SPK is optimal glycemic control therefore, the reduction and reversal of long-term micro and macrovascular complications of diabetes, including diabetic retinopathy, nephropathy and cardiovascular diseases.
Although SPK is the preferred treatment for patients with T1DM, it is a complex procedure and is associated with high morbidity and mortality rate due to early and late complications [5, 6] . Among many contributing factors, including immunosuppression, postoperative management and surgical techniques, technical failure is responsible for the majority of pancreatic graft losses in the first 6 months after transplantation [5] . Technical failure in pancreatic transplantation is described as graft loss due to vascular thrombohttps://doi.org/10.1016/j.ijscr.2018.03.014 2210-2612/Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/ by-nc-nd/4.0/). sis, pancreatitis, intra-abdominal infections, anastomotic leaks or bleeding [7] . Furthermore, multiple studies have shown that vascular thrombosis is the major cause of pancreatic graft failure and is responsible for more than half of all losses within the first 3 months after transplant [8, 9] .
Pancreas venous graft thrombosis (PVGT) is very difficult to detect clinically due to the lack of clinical signs on physical exams and highly fluctuated serum glucose levels that could be affected by medications, electrolyte supplementation and fluid resuscitation. In addition, certain imaging modalities require nephrotoxic agents and are time consuming in the case of an urgent salvageable thrombotic event [10] . Therefore, many centers use duplex Doppler ultrasound to routinely monitor vascular patency of the pancreatic graft. Once vascular thrombosis is detected, surgical re-exploration and pancreatectomy followed by re-transplant is usually required. More recently, there has been an increasing amount of reports on the successful salvage of pancreatic grafts with medical anticoagulation or endovascular thrombectomy in the early post-operative period [11, 13] .
Here, we describe a case involving a 29-year-old female who underwent SPK transplantation and developed PVGT during the early postoperative period. Her venous thrombosis was successfully diagnosed and salvaged using endovascular intervention. This case report has been reported in line with SCARE criteria [12] .
Case report
The patient was a 29-year-old woman with a 16-year history of T1DM who developed ESRD and had been dependent on peritoneal dialysis since 2012. Her T1DM was complicated by hyper-labile glucose levels and she was frequently unaware of hypoglycemic episodes. Her comorbidities also included diabetic retinopathy, controlled hypothyroidism, hypertension and hyperlipidemia. She was placed on the UNOS list for an SPK transplant in 2013 after completing all the appropriate evaluations. Additionally, a dobutamine stress echocardiogram and cardiopulmonary exercise stress test were performed 6 months before the transplant and both tests demonstrated good cardiac reserve.
The patient underwent a deceased-donor SPK on January 16th 2016. The pancreas was implanted intra-peritoneally in the right iliac fossa. Pancreatic arterialization was achieved via anastomosis of the donor iliac artery Y graft to the recipient's right external iliac artery. Pancreatic venous drainage was achieved with primary anastomosis of the donor's portal vein to the recipient's right external iliac vein, with no venous extension graft. Exocrine drainage was established to the bladder. The kidney was implanted intraabdominally in the left iliac fossa. Its arterial and venous drainage were achieved via vascular anastomoses to the left external iliac artery and vein respectively. The operation was uneventful.
Intra-operatiely the induction regime consisted 500 mg of methylprednisolone intravenously prior to organ reperfusion and 1.5 mg/kg anti-thymocyte globulin (ATG) intravenously via central line after reperfusion. Total thymoglobulin administration was 6 mg/kg. Maintenance immunosuppressive therapy included prednisolone, tacrolimus and mycophenolate mofetil.
There was immediate function of both transplanted organs. The kidney started making urine right after reperfusion, and the patient remained euglycemic throughout her hospital course. She did not require any exogenous insulin after the transplant. Postoperative capillary blood glucose levels remained stable as shown in Fig. 1 . Heparin was given at a dosage of 5000 units subcutaneously 3 times daily, as a prophylaxis for venous thromboembolism. In our center, the exocrine pancreas is routinely drained via the bladder because it allows for serial measuring of amylase levels in the urine as a marker for early acute rejection. She did not have any laboratory abnormalities in urine amylase level as shown in Fig. 2 , nor did she have any abnormal clinical signs.
However, on post op day 5, the patient complained of bilateral leg swelling and pain. She also noticed the symptoms to be more severe on the right side. Therefore, she was placed on continuous heparin infusion for DVT prophylaxis. MRI/MRA was obtained and showed near occlusive thrombus that extended from the right external iliac vein up to the right common iliac vein and further extended through the transplant pancreas anastomosis, including the donor portal vein, splenic vein and SMV. Imaging also showed occlusion of the right internal iliac vein and peripancreatic edema. The main arterial supply and iliac Y graft were intact except for an occlusive thrombus in the distal SMA supplying the distal pancreatic head. However, parenchymal enhancement of the transplant pancreas on imaging suggested tissue viability. Based on these findings, a decision was made to perform an emergent endovascular thrombectomy to improve venous outflow by our interventional radiologists.
With the patient on prone position, an access was obtained under ultrasound guidance through the right popliteal vein. After advancing a vascular sheath up to the right common femoral vein, venography was obtained which revealed an extensive intraluminal filling defect in the right common and external iliac vein with the development of collaterals (Fig. 3 ). Pulse spray with 6 mg of tPA was performed across the clots followed by mechanical thrombectomy using a device (Angiojet). Additional balloon angioplasty with a 14 mm-4 cm balloon (Atlas) was done to open more of the residual stenosis and to macerate the residual clots ( Fig. 4) . Completion venogram demonstrated a rapid flow through the right common 4 . The stenotic segments were dilated using balloon catheters up to 14 mm following phamarcomechanical thrombectomy with tPA pulse spray and negative suctioning thrombectomy. and external iliac veins even though about 50% of luminal stenosis still remained with no more residual clots (Fig. 5 ).
After the thrombectomy, systemic anticoagulation was administered with an intravenous heparin infusion titrated to maintain heparin level of 0.20 −0.50. The patient was subsequently converted to oral Apixaban. A Doppler ultrasound scan was performed 2 days after the thrombectomy, which showed normal arterial and venous flow, and a fully patent pancreatic portal vein showing normal cardiac variations.
Heparin infusion protocol was reinitiated after the procedure. However, on the eve of her procedure she had bleeding from the femoral arterial access site. The patient required manual compression, discontinuation of the heparin infusion, and ultimately required two units of packed red blood cells. Furthermore, on post procedure day 1, she had significantly improved flow through the iliac veins but transplant pancreas vein anastomosis was not visualized until post procedure day 2. Her kidney and pancreas grafts were found to be working well as demonstrated by normal creatinine and fasting blood glucose values. She was discharged on post-operative day 10 with Apixaban. At her 6-month clinic followup, there was no evidence of hyperglycemia or any further elevation of serum amylase level. At her 1-year clinic follow-up, she remained euglycemic and had stopped taking Apixaban.
Discussion
SPK is one of the well-recognized treatment options for combined TIDM and ESRD. However, technical failure has been shown to be responsible for more than half of all pancreas graft lost in the first 6 months after SPK [5] . According Fridell to et al., vascular thrombosis accounts for the majority of the cases of early graft loss [10] . Routine systemic anticoagulation protocols used by multiple centers are controversial due to an increased risk of bleeding and lack of randomized controlled studies proving their effectiveness [14] . Despite the lack of clear consensus on the treatment of patients with graft thrombosis, it is clear that some kind of treatment is needed promptly in order to salvage the graft organ [15] . The choice of treatment depends on the availability of skilled interventional radiologist, location of the thrombosis, and experience of the treatment team [16] . Given that our patient developed thrombosis despite being on systemic anti-coagulation, the only viable option was mechanical thrombectomy by the interventional radiology team. The procedure was highly effective in our patient as her kidney and pancreas grafts remained functional.
Literature is limited in regards to endovascular thrombectomy in SPK patients. Nevertheless, in a single-center report by Barrufet et al., either partial or complete lysis of thrombi was achieved in 94% of the patients who received pancreatic graft vein thrombectomy [17] . The study did not mention complications directly related to the endovascular treatment but had recognizable risks related to post-procedural bleeding [11] . As mentioned previously, our patient also had bleeding from the vascular access site and ultimately required blood transfusion. In comparison, a limited study by Fridell et al. showed successful graft salvage in only 45% of thrombosed pancreatic graft with surgical thrombectomy [10] .
Given the complexity and significance of PVGT, urgent and prompt treatment is necessary. Interpreting outcomes from our case and other small studies, it appears that endovascular phar-macomechanical thrombectomy can be a vital tool to salvage graft organs in those receiving SPK.
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